An intragenic probe derived from the multidrug resistance gene oprM hybridized with genomic DNA from all 20 serotypes of Pseudomonas aeruginosa and from all 34 environmental and clinical isolates tested, indicating that the MexA-MexB-OprM multidrug efflux system is highly conserved in this organism. The oprM probe also hybridized with genomic DNA from Pseudomonas aureofaciens, Pseudomonas chlororaphis, Pseudomonas syringae, Burkholderia pseudomallei, and Pseudomonas putida, suggesting that efflux-mediated multidrug resistance mechanisms may be somewhat broadly distributed.
per ml. The colonies appearing after 24 to 48 h of growth at 37ЊC were then recovered.
A digoxigenin (DIG; Boehringer Mannheim)-labelled 848-bp internal fragment of the oprM gene for use in Southern hybridizations with bacterial genomic DNA was prepared by PCR with Taq DNA polymerase and primers oprM1 (5Ј-CTG AACGTCGAGGCCTTCC-3Ј), which anneals 264 bp upstream of the 3Ј end of oprM, and oprM2 (5Ј-CTGGATCTTC GCGTAGTCC-3Ј), which anneals 342 bp downstream of the 5Ј end of the gene. Reaction mixtures (100 l) were formulated as described previously (23) and were treated for 90 s at 94ЊC, followed by 35 cycles of 30 s at 94ЊC, 1 min at 58ЊC, and 90 s at 72ЊC, before finishing with 10 min at 72ЊC.
For Southern hybridizations, genomic DNA (prepared by using the Puregene DNA Isolation Kit [Gentra Systems, Minneapolis, Minn.] by a protocol provided by the manufacturer) was digested with 50 U of PstI (Life Technologies Inc.) in the appropriate buffer supplemented with bovine serum albumin (2% [wt/vol]) for 3 to 18 h at 37ЊC and was electrophoresed on agarose gels (0.8% [wt/vol]) at 75 mV (28) . Genomic DNA was subsequently transferred to nitrocellulose membranes as described by Sambrook et al. (28) with the Turbo blotter system (Schleicher & Schuell, Keene, N.H.). Hybridization with the DIG-labelled oprM probe was carried out by using a protocol supplied with the DIG DNA labelling and detection kit (Boehringer Mannheim). Hybridization signals were detected by using a chemiluminescent substrate disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2Ј-(5Ј-chloro)tricyclo[3.3.1.1 3,7 ]decan}-4-yl) phenyl phosphate (CSPD; Boehringer Mannheim) and a 1-to 5-min exposure to Kodak X-Omat AR film (Picker International Canada, Brampton, Ontario, Canada).
Insertional inactivation of chromosomal oprM with the HgCl 2 resistance interposon ⍀Hg was carried out exactly as described previously (25) by using streptomycin-resistant P. aeruginosa strains as recipients in the mutagenesis (to permit counterselection of the donor Escherichia coli strain harboring the plasmid-borne oprM::⍀Hg). The MICs of various antibiotics were determined by the broth dilution assay as described previously (25) , except that L broth was used as the culture medium.
To assess the distribution of the MexA-MexB-OprM efflux system among different strains of P. aeruginosa, genomic DNA from serotype, environmental, and clinical strains was hybridized with an oprM gene probe. Sequence data indicated that oprM is present on a 4.3-kb PstI fragment in wild-type strain PAO1, and indeed, the oprM probe hybridized with a 4.3-kb e These strains were not previously reported but were typed as described previously (7).
band of PstI-restricted PAO1 genomic DNA (Fig. 1, lane 21) . oprM also hybridized with a 4.3-kb PstI fragment of genomic DNA for 16 of 20 serotype strains (Fig. 1) . The four exceptions, serotype strains O7, O12, O13, and O15, also hybridized with the oprM probe, although the hybridizing fragments were smaller in all cases and multiple hybridization signals were observed for serotypes O7 and O15 (Fig. 1 ). This variation in hybridization pattern suggested some variation or divergence in oprM in these strains. The presence of multiple bands in O7 and O15 further suggested either the presence of multiple copies of oprM in these strains or the existence of a PstI site within the region of the oprM gene encompassed by the oprM probe. Nonetheless, these data indicated that oprM is highly conserved among all serotype strains of P. aeruginosa, including, perhaps most importantly, serotypes O3 and O6, which appear to be the most relevant clinically (8, 22). Probing of a number of environmental and clinical strains of P. aeruginosa (Table 1) similarly revealed the conservation of oprM on a 4.3-kb PstI fragment (data not shown). Thus, oprM is highly conserved within the species and the mexA-mexBoprM efflux operon is thus likely a significant contributor to intrinsic multidrug resistance in most, if not all, strains of P. aeruginosa.
To assess directly the role of the efflux system in the intrinsic resistance of clinical, environmental, and serotype strains, a number of these strains, chosen at random, were mutagenized by insertional inactivation of oprM with the mercury resistance interposon ⍀Hg. Insertional inactivation of oprM was achieved in one environmental and two clinical strains, and despite some variability in the antibiotic susceptibilities of the wild-type strains, the loss of oprM in each case correlated with hypersensitivity to chloramphenicol, tetracycline, ciprofloxacin (as a representative of the quinolone family), and carbenicillin (as a representative of the ␤-lactam family) (Table 2) , a pattern reminiscent of the effects of an oprM knockout on the drug susceptibilities of previous P. aeruginosa strains (12, 25) . This represents the first demonstration that oprM, and by association, mexA-mexB-oprM, plays a role in the intrinsic antibiotic resistance of clinical isolates.
In an effort to assess the distribution of oprM homologs in related organisms, a number of so-called pseudomonads were also probed with oprM. Interestingly, hybridization signals were obtained for P. aureofaciens and P. chlororaphis under high-stringency conditions (65ЊC annealing temperature) and for P. syringae, P. putida WCS358 and BN7, and Burkholderia pseudomallei under lower-stringency conditions (55ЊC annealing temperature) (data not shown). P. chlororaphis, Pseudomonas aureofaciens, and P. putida, like P. aeruginosa, are members of the RNA homology group I (19) and are thus closely related evolutionarily. The presence of an oprM homolog in these organisms is therefore not surprising. The failure, however, to see hybridization with Burkholderia cepacia, despite the existence of an OprM homolog (OpcM) in this organism (2), suggests that the reported homology at the amino acid level is probably not reflected at the nucleotide level. Thus, the lack of a hybridization signal in the remaining organisms is not a guarantee that they lack an oprM-like gene or related efflux system. Still, the data here indicate that oprM homologs are present in a number of organisms and that efflux systems at least have the potential to contribute to multidrug resistance in a variety of bacteria. 
